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ABSTRACT 
This study investigated the relative effectiveness of computer-supported 
cooperative learning strategies on the performance, attitudes, and retention 
of secondary school students in physics. A purposive sampling technique was 
used to select four senior secondary schools from Minna, Nigeria. The 
students were allocated to one of four groups: Students Team Achievement 
Division (STAD), Jigsaw II, Team-Assisted Individualisation (TAI), or 
Individualised Computer Instruction (ICI). Computer-Assisted Learning 
Package (CALP) on physics was used as the treatment instrument and the 
Physics Achievement Test (PAT) and Physics Attitude Scale (PAS) were used as 
outcome measures. Analysis of Covariance and the Scheffe post-hoc test were 
used for data analysis. Some significant differences were found in the 
performance and attitudes of the groups, though cooperative learning 
strategies did not improve retention compared to ICI. These findings support 
the integration of computer-supported cooperative instructional strategies in 
secondary school classrooms. 
INTRODUCTION 
Physics is one of the science subjects taught at the senior secondary school 
level of the Nigeria educational system. After the Junior Secondary School 
class three (JSS III) examination, all qualified science students are 
compulsorily enrolled to study physics at senior secondary school level. The 
Federal Republic of Nigeria (FRN, 2013) stated in its National Policy on 
Education that physics can be taken as one of the “core” science subjects 
(i.e., one of biology, chemistry, physics, or health science), as one vocational 
elective, and as two non-vocational elective subjects. 
Physics education is aimed at training students to acquire proper 
understanding of basic principles as well as their applications. It is also 
aimed at developing appropriate scientific skills and attitudes as a pre-
requisite for future scientific activities. To achieve these objectives, active 
participation and collaborative learning activities become imperative and 
these need functioning instructional media to make physics instruction 
effective (Ogunleye, 2000; Onwioduokit, 2000) 
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Olarinoye (2000) stressed that physics education is a pre-requisite for a 
country like Nigeria, which is still struggling to join a world where science 
and technology has become a way of life. According to him physics plays the 
following roles, among others: 
1) It generates openness to new ideas in a world of rapid changes; 
2) it illustrates the cumulative character of scientific thought; and 
3) it identifies and arrives at solutions to problems.  
The significance of physics in all fields of science and technology has 
therefore made it imperative to be included in the curriculum of senior 
secondary school and to be offered to science oriented students. To build a 
strong technological foundation, physics education needs to be given more 
attention and priority in the Nigerian educational system. Unfortunately, in 
spite of the importance of physics as a requirement for many specialised 
science and engineering courses at universities, students’ performance at the 
secondary school level in the subject is not encouraging. 
The percentage of students that passed physics in senior school certificate 
examination at credit level and above (A1–C6) was consistently less than 50% 
for the past 10 years (2003–2012) in Nigeria. In spite of the importance of 
physics to society and government’s efforts to improve science instruction in 
schools, students’ performance is still poor and below average compared to 
other sciences, such as biology, chemistry, and agriculture. This has become a 
great concern to physics educators in Nigeria (West African Examination 
Council, 2014). 
The persistent poor performance in physics, if not checked, may jeopardise 
the placement chances of students in tertiary institutions, not only in physics 
education but also in other physics-related disciplines. This has serious 
implications for national development, security, economy, and manpower for 
a country with a vision of becoming one of the twenty leading nations in 
science and technology by the year 2020 (Yar’adua, 2008). 
Many researchers have attempted to find out the causes of students’ poor 
performance in physics. Problems identified include: poor instructional 
strategies (Adegoke, 2010), the abstract nature of physics concepts (Shehu, 
2006), a lack of qualified teachers (Biodun, 2004; Besong & Obo, 2003), poor 
infrastructure and inadequate laboratory facilities (Shawl, 2003), teacher-
centred instruction (Okeke, 2001), and poor availability and utilisation of 
instructional materials (Gambari & Gana, 2005; Yusuf, 2005). 
In order to achieve the objectives of physics education at the senior 
secondary school (SSS) level, the guided-discovery method, student-activity-
based, and inquiry-oriented mode of teaching strategies were recommended 
(FRN, 2013). Ivowi and Oladokun (2001) recommended an activity-oriented 
approach to the teaching of physics that has emphasis on skill acquisition 
and broad based principles and concepts. Students’achievement in physics 
can be improved with the use of cooperative learning strategies.  
Cooperative learning can provide an instructional arrangement within which 
students can experience and practice many of the important skills inherent in 
the physics curriculum. It can also provide a basic philosophical orientation 
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from which individuals can work to improve life for themselves and those 
around them (Millis & Cottell, 1998). 
In a cooperative setting, students work together to attain group goals that 
cannot be obtained by working individually or by working competitively. In 
such classroom structure, students discuss subject matter, help each other 
learn, and provide encouragement for members of the group (Johnson, 
Johnson, & Holubec, 1994). Cooperative learning has been widely researched 
and used in classrooms around the world since the 1970s. Research has 
proven that this methodology has been very effective in encouraging student 
interaction, developing positive attitudes toward better learning, and 
producing positive effects on student achievement (Adesoji & Ibraheem, 
2009; Lai &  Wu,  2006; Mattingly, VanSickle, & Ronald, 2007; Moreno, 2009; 
Simsek, 2013; Somsook & Coll, 2008). The most practiced strategies include 
Students Team Achievement Division (STAD), Team Games Tournament 
(TGT), Jigsaw II, Learning Together (LT), Group Investigation (GI), Team-
Assisted Individualisation (TAI), and many others. In this study, STAD, Jigsaw 
II, and TAI were used. 
In STAD strategy, students are assigned to a heterogeneous group that 
consists of three members that are mixed in performance level and gender. 
The computer presents a lesson and then students work within their teams to 
make sure that all team members have mastered the lesson. Students take a 
group quiz during which they reach consensus in decision making. They also 
take individual quizzes on the material without helping one another. 
Students’ scores are then summed to form team scores. Teams that meet 
certain criteria earn certificates or other rewards (Slavin, 1986).  
In Jigsaw II cooperative instructional strategy, students are assigned to three 
member teams to work on academic materials. Initially all students are 
assigned to study and understand the basic concepts of the materials. Later, 
each student is given a section/topic on which to become an expert. Students 
with the same section/topic meet in expert groups to discuss their topic, 
after which they return to their original teams to teach what they have learnt 
to their teammates. Then students take group and individual quizzes that 
result in a team score based on the improvement score system (Slavin, 1986).  
The Team-Assisted Instruction (TAI) strategy combines cooperative learning 
with individualised instruction. In TAI, students are assigned into a three- 
member heterogeneous group. Each team member is placed on a stand-alone 
computer and learns the materials individually and proceeds at their own 
pace. Teammates check each other’s work against answer sheets and help 
each other with any problems. Finally, individual and group unit tests are 
taken and scored by the teacher. Each week, teachers total the number of 
units completed by all team members and give certificates or other team 
rewards to the best team (Slavin, 1985; Slavin, Leavey, & Madden, 1986). 
The use of a computer as a medium for cooperative learning is referred to as 
computer-supported cooperative learning and it has been embraced in 
developed nations (Hooper, 1992; Hooper, Temiyakan, & Williams, 1993; 
Johnson, Johnson, & Stanne, 1996; Mevarech, 1993; Xin, 1996). Students using 
computers for learning in groups have been found to perform better than 
students using the same program individually (Yusuf & Afolabi, 2010). It is 
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also cost effective to have students learn in a small group with a single 
computer rather than allocating a computer to each student. 
Numerous studies have found that a computer-supported STAD cooperative 
learning setting is effective at improving students’ achievements, encouraging 
students’ interaction, and developing their positive attitudes towards learning 
outcomes in various subjects. For instance, Pandian (2004), Taiwo (2008), and 
Yusuf, Gambari, and Olumorin (2012) reported that students in a cooperative 
computer-assisted instruction group outperformed their counterparts who 
learned the same concepts using individualised computer instruction. Fajola 
(2000) and Yusuf and Afolabi (2010) found that the performance of students 
exposed to CAI either individually or cooperatively were better than their 
counterparts exposed to the conventional classroom instruction, However, 
Armstrong and Palmer (1998) and Glassman (1989) found no significant 
difference in the achievement of students taught using STAD and those 
taught in a conventional classroom. 
Several studies revealed that Jigsaw II enhanced performance among students 
in physics. For instance, Gambari (2010) and Berger and Hänze (2009) 
reported that Jigsaw II was considerably more effective than an individualistic 
instructional strategy. Keramati’s (2010) findings indicated that the 
performance of students taught in a cooperative learning setting was 
significantly better than those taught using a conventional teaching method. 
However, Hänze and Berger, (2007), Mattingly et al. (2007), and Shaaban 
(2006) found no significant difference in the achievement of students taught 
physics using Jigsaw and those taught in a conventional classroom. 
TAI was also found to be effective at enhancing mathematics achievement. 
For example, Tarim and Akdeniz (2007) and Gupta and Pasrija (2011) found a 
TAI cooperative learning strategy to be superior to more traditional methods 
of teaching, both in terms of achievement and retention. In a study on 
computer-supported TAI cooperative learning, Xin (1996) found an 
improvement in students’ achievement and positive attitudes toward 
mathematics. Similarly, Slavin and Karweit (1984) found that students in a 
TAI group performed better in mathematics computation than the students 
in a control group. However, Karper and Melnick (1993) found no significant 
differences between students taught mathematics using TAI and those taught 
with conventional methods.  
Retention is the ability to reproduce a learnt concept when the need arises. 
Appropriate instructional media may serve to increase retention 
(Osemwinyen, 2009). However, Moreno (2009) found no difference in botany 
students’ retention between the Jigsaw cooperative learning approach and a 
traditional method. Majoka, Dad, and Mahmood (2010), Zakaria, Chin, and 
Daud (2010), and Gupta and Pasrija (2011) revealed the encouraging effects 
of co-operative learning (STAD) on students' achievement, retention, and 
attitudes towards mathematics. Salend and Washin (1988) reported that TAI 
increased students' on-task and cooperative behaviours and increased 
students’ liking of their classmates when compared to working 
independently. Similarly, Slavin (1984b) found that the TAI approach had 
positive effects on mathematics achievement, behavioural ratings, and 
students’ attitudes. Slavin (1984a) found that TAI improved social and 
academic behaviour and increased mathematics achievement more so than 
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traditional methods. However, Rosini and Jim (1997) reported no significant 
difference in the achievement, retention, and attitudes of those taught home 
economics using a cooperative learning strategy and those taught with 
traditional methods. 
According to Adegoke (2011), students perform better when they develop a 
positive attitude towards a course. Cooperative learning helps people to 
develop positive attitudes toward learning and to think independently inside 
and outside of the classroom (Ajaja & Eravwoke, 2010). Studies have proven 
that cooperative learning settings have been very effective in encouraging 
student interaction and developing positive attitudes towards learning (Artut 
& Tarim, 2007; Gomleksiz, 2007; Lai & Wu, 2006; Moreno, 2009). Zakaria, 
Solfitri, Daud, and Abidin (2013) revealed that the percentage of students 
who prefer cooperative learning is higher than the percentage of students 
who do not like cooperative learning. However, Arra, D’Antonio, and 
D’Antonio (2011) reported that some students preferred not to work in 
groups, meaning that cooperative learning is not for everyone.  
Research on cooperative learning strategies in Nigeria is scant. Furthermore, 
existing studies on cooperative learning are limited to students’ academic 
achievement. Empirical evidence for the effect of cooperative learning 
strategies on student retention and attitudes towards the course before and 
after the experiment appears to be limited. Therefore, this study examines 
the effects of computer-supported cooperative learning strategies (STAD, 
Jigsaw II, and TAI) on Nigerian senior secondary students’ achievement, 
attitudes, and retention in physics.  
RESEARCH HYPOTHESES 
The following null hypotheses were tested in the study. 
1) There are no significant differences in the post-test performance of 
students taught physics using computer-supported STAD, Jigsaw II, 
and TAI cooperative settings. 
2) There are no significant differences in the delayed post-test 
performance  of students taught physics using computer-supported 
STAD, Jigsaw II, and TAI cooperative settings. 
3) There are no significant differences in the post-test attitudes of 
students taught physics using computer-supported STAD, Jigsaw II, 
and TAI cooperative settings. 
METHODOLOGY 
The design is a quasi-experimental study using a non-randomised, non-
equivalent, pre-test, post-test, control group design. The participants were 
167 second year physics students from four intact classes from four different 
senior secondary schools in Minna, Niger State, Nigeria. The schools were 
purposively sampled based on five criteria: (i) equivalence (laboratories, 
facilities, and manpower), (ii) school ownership (public schools), (iii) gender 
composition (mixed schools), (iv) ICT facilities (computer laboratories under 
the SchoolNet program), and (v) candidates’ enrolment (Senior Secondary 
School Certificate in Education in physics for a minimum of ten years). The 
schools were randomly assigned to experimental groups I, II and III 
(computer-supported Jigsaw II, STAD, & TAI) and control (Individualized 
Computer Instruction, ICI) groups using a simple random sampling 
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technique. The experimental group I (n = 46) was taught using a computer-
supported STAD cooperative learning strategy; the experimental group II (n = 
42) was taught through a computer-supported Jigsaw II cooperative learning 
strategy; and the experimental group III (n = 41) was exposed to a computer-
supported TAI cooperative learning strategy. The control group (n = 38) was 
taught using ICI over six weeks. The data was collected through the Physics 
Achievement Test (PAT) and the Physics Attitude Scale (PAS). CALP (Computer 
Assisted Learning Package) was used as a treatment instrument.  
Instruments  
(i) Physics Achievement Test (PAT) consists of 100 multiple-choice questions, 
adopted from a past examination of the West African Examination Council 
(WAEC, 2008) and the National Examination Council (NECO, 2007). The 
questions in the test were based on the content of the Computer Assisted 
Learning Package (CALP). Each of the stems of the PAT had five options (A–E) 
as possible answers to the question, and each question was worth one point. 
The instrument (PAT) was administered to the experimental and control 
groups as pre-test, post-test, and delayed post-test after it had been 
reshuffled. Test items were validated by experts before the test was 
administered to 40 randomly selected Senior Secondary class II (SS II) 
students who were not involved in the study. A reliability coefficient of 0.90 
was obtained using Kuder Richardson (KR20).  
(ii) Physics Attitude Scale (PAS) was developed by the researchers to measure 
the students’ attitudes towards physics before and after exposure to 
computer-supported STAD, Jigsaw II, or TAI cooperative learning strategies. 
Section A of the PAS focused on demographic information of physics 
students while section B focused on students’ attitudes towards the physics 
subject. This section contained a 20 item four-point response mode of 
Strongly Agree (coded 4), Agree (coded 3), Disagree (coded 2) and Strongly 
Disagree (coded 1). The initial draft of 25 items of PAS was reviewed by 
experts. The feedback obtained from this first administration was used to 
revise the final instrument. It was also administered to students drawn from 
a school outside the sampled schools to measure its reliability. A reliability 
coefficient of 0.86 was obtained using Kuder Richardson (KR20). A total of 
129 copies of the questionnaire were distributed to physics students before 
and after the commencement of the study and a 100% return rate was 
achieved and used for data analysis. 
(iii) Computer Assisted Learning Package (CALP) was the treatment 
instrument, used at two different instructional settings (cooperative and 
individualised). The CALP was developed by the researchers and a 
programmer using “Macromedia Dreamweaver 8” as the overall platform. 
Other computer programs and applications that were also utilised during the 
development process were Microsoft Word, Macromedia Fireworks 8, and 
Macromedia Flash 8. Macromedia Fireworks was used for specific texts, 
graphics, and buttons, while Macromedia Flash was used for simulation. The 
package was face and content validated by computer programmers and 
educational technology experts, subject content (physics) specialists, and by 
40 sampled students from a school within the population who did not 
partake in the study. The package contained two topics that were subdivided 
into sixteen lessons. The main menu of the package consisted of 
introduction, student registration, list of lessons (as in lesson 1, 2, 3, 4, … 
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16), and exit. It adopted the drill and practice modes of Computer Assisted 
Instruction (CAI).  
Experimental procedure 
In collecting the data for this research, the objectives and the modalities of 
the study were specified and an operational guide was produced before the 
commencement of the treatment. Physics teachers in the experimental group 
were trained in the use of computer-assisted learning packages and 
cooperative learning strategies while the teacher in the control group was 
trained on how to coordinate individualised computer instruction using the 
CALP. The treatment period for all groups covered six weeks (2 hr 40 min per 
week). The students in the experimental groups were heterogeneously divided 
into groups with three members each.  
At the beginning of the study, PAT and PAS were administered to students in 
the sampled schools as a pre-test. The CALP was installed on standalone 
computer systems in all the selected schools. The physics content was 
presented via the computer and the students interacted and responded to the 
computer prompts. The computer presented information and displayed 
animations to the students on each of the units after which the students 
attempted some multiple-choice questions. The students could only proceed 
in a lesson on the condition that the questions were satisfactorily answered. 
The students had to have at least 100% mastery of one topic before moving 
on to the next. If after three attempts they did not get the answer correctly, 
the package would immediately log them out and the instructor had to be 
called before they could continue through another log-in. During the study, 
the experimental groups were exposed to the use of computer-assisted 
cooperative learning strategies (Jigsaw II, STAD, & TAI) as treatment, while 
students in the control group were individually exposed to the ICI package. 
Immediately after the treatment, PAT and PAS were administered as post-test, 
and after four weeks, PAT was re-administered as a delayed post-test.  
Procedures for each strategy 
(i) The computer-supported STAD cooperative learning strategy: In this 
method, students were assigned to a three-member heterogeneous group. 
Each member was assigned different responsibilities (e.g., group leader, time-
keeper, scribe, and quiet captain, who controlled the discussion). The groups 
were exposed to a CALP where members completed the reading of the 
materials and performed the tasks together. To ascertain that there was no 
free rider, students were given an individual task that was marked and 
recorded against group scores. After the completion of a lesson, students 
took a quiz as a team and reached consensus with respect to the correct 
answers after which one answer sheet was submitted by the team for which 
all team members received the same “team score.” The scoring was done 
based on an individual quiz score and a team quiz score, which counted 
equally towards the student’s final course grade. High scoring teams were 
recognised and rewarded in the class. The best team was recognised by (i) 
putting their names on the notice board and (ii) clapping for them in the 
class, among other methods. They were also rewarded with a “Merit Award 
Certificate” and stationery, among other gifts items. A group processing form 
was completed after each lesson to determine the group’s behaviour and to 
correct any irregularity within the teammates. 
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(ii) The computer-supported Jigsaw II cooperative learning strategy: In this 
strategy, students were divided into small heterogeneous groups called home 
groups, with three members in each group. Each member was assigned 
different responsibilities. Initially all students were assigned to study and 
understand the basic concepts of the materials. After this process, the 
researcher divided the content (the tasks) of the lesson into three and 
assigned it to each member in the home group. The students met in their 
home groups and studied the assigned tasks using a CALP. Each member in 
the home group attempted to learn the assigned task as an expert by 
referring to the computer package and the available resources. After 
completing the learning task in the home group, each member moved into the 
expert group (Jigsaw II group) consisting of members from the other home 
groups who had been assigned the same portion of the material (task). In the 
Jigsaw II group (expert group), the participants discussed and shared their 
particular materials with other members of the group and discussed how to 
teach it to their members in the home group. The team members then 
returned to their home groups where they taught what they learned from the 
Jigsaw group to the other members of their groups. In case of any difficulty 
and misconception, the expert group conducted a second meeting to discuss 
and clarify any doubts. After the second round of discussion, the experts 
returned to their home groups to re-teach the members and reach a 
consensus. The group processing and scoring method was the same as the 
STAD condition. High scoring teams were recognised and rewarded in the 
class. 
(iii) The computer-supported TAI cooperative learning strategy: This was 
originally designed for teaching mathematics, but in this study it was 
adopted for physics since both have many things in common. In this strategy, 
students were divided into three member heterogeneous groups. Each 
student was assigned a stand-alone computer on an individual basis and then 
proceeded at his/her own pace. In other words, team members studied the 
same concept independently but moved around to seek assistance from team 
members, check each other’s work on worksheets, and help one another to 
understand the concepts and solve the problems. An individual quiz was 
given to team members but the final unit test was taken without help from 
group members and scored by the researchers. The scores obtained by 
individual and group tests were summed and the average found. Certificates 
or other team rewards were given to the best team.   
(iv) Individualised Computer Instruction method: This was used for the control 
group. In this method, students were taught the physics concepts using the 
CALP only. The computer presented the instruction on a human-to-computer 
basis. Students proceeded with the physics content and studied at their own 
rate without any assistance from their colleagues. Students answered the PAT 
test at the pre-test and post-test individually. 
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RESULTS 
To test the hypotheses, the data were analysed using Analysis of Covariance 
(ANCOVA) and Scheffe’s test using Statistical Package for Social Sciences 
(SPSS) version 11 at 0.05 alpha level. The results are presented based on the 
research hypotheses. 
Null Hypothesis One 
Null hypothesis one can be stated as follows: There is no significant 
difference in the post-test performance of secondary school students taught 
physics using computer-supported STAD, Jigsaw II, and TAI in cooperative 
settings and those taught using individualised computer instruction. 
To determine whether there were significant differences in the post-test 
mean scores of the computer supported STAD, Jigsaw II, TAI, and ICI groups, 
data were analysed using an analysis of covariance (ANCOVA). There was a 
significant main effect of learning strategy on post-test performance,             
F (3, 162) = 8.947, p < 0.001. This indicates that the method of instruction 
produced a significant effect on the post-test performance scores of students 
when the covariate effect (pre-test) was controlled. The result indicates that 
the treatment, using STAD, Jigsaw II, TAI, and ICI accounted for the 
difference in the post-test performance scores of the students. Based on the 
established significant difference in the post-test performance scores of the 
groups, Scheffe’s test was used for post-hoc analysis to determine the 
direction of the difference. The results of this post-hoc analysis are as shown 
in Table 1. 
The results in Table 1 indicate that there was no significant difference in the 
post-test mean scores of students exposed to STAD (?̅? = 65.43) and those 
exposed to Jigsaw II (?̅? = 68.38). A significant difference was not established 
in the post-test mean scores of students exposed to TAI (?̅? = 62.73) and those 
exposed to ICI (?̅? = 61.39). A significant difference was established between 
Jigsaw II (X = 68.38) and TAI (?̅? = 62.73) and between Jigsaw II (?̅? = 68.38) and 
ICI (?̅? = 61.39) in favour of Jigsaw II. Student performance was also compared 
based on the mean gain scores between the pre-test and post-test for each 
group. The results of this comparison are shown in Table 2 and are 
graphically illustrated in Figure 1. 
Table 1  
Scheffe’s post-hoc analyses of the groups’ mean post-test performance scores 
Groups Mean 
Scores 
Group I 
(STAD) 
Group II 
(Jigsaw II) 
Group III 
(TAI) 
Group IV 
(ICI) 
Group I  (STAD) 65.43  0.324 0.408 0.1054 
Group II (Jigsaw II) 68.38 0.324  *0.008 *0.001 
Group III (TAI) 62.73 0.408 *0.008  0.885 
Group IV (ICI) 61.39 0.105 *0.001 0.885  
*The mean difference is significant at 0.05 level. 
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Table 2 
Mean Gain Scores of students’ performance in STAD, Jigsaw II, TAI, and ICI 
groups 
Group Pre-test Post-test Mean Gain Score 
STAD 20.72 65.43 44.71 
Jigsaw II 20.07 68.38 48.31 
TAI 21.05 62.73 41.68 
ICI 19.82 61.39 41.57 
 
Table 2 shows that Jigsaw II had the highest mean gain score of 48.31, 
followed by STAD with a mean gain score of 44.71, TAI with a mean gain 
score of 41.67, and ICI with a mean gain score of 41.57. This indicates that all 
the groups benefited from the treatment, with Jigsaw II having the best 
performance.  
 
Figure 1. Graphical illustration of students’ performance using STAD, Jigsaw 
II, TAI, and ICI. 
Null Hypothesis Two 
Null hypothesis two can be stated as follows: There is no significant 
difference in the delayed post-test performance of students taught physics 
using computer-supported STAD, Jigsaw II, and TAI in cooperative settings 
and those taught using individualised computer instruction. 
To determine whether there were significant differences in the delayed post-
test mean scores of the computer supported STAD, Jigsaw II, and TAI groups, 
and the ICI control group, data were analysed using an analysis of covariance 
(ANCOVA). There was a significant main effect of learning strategy on 
delayed post-test performance, F (3, 162) = 7.689, p < 0.001. This indicates 
that the method of instruction produced a significant effect on the delayed 
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post-test scores of students when the covariate effect (pre-test) was 
controlled. The result indicates that the treatment, using STAD, Jigsaw II, TAI, 
and ICI accounted for the difference in the delayed post-test scores of the 
students. Based on the established significant difference in the delayed post-
test scores of the groups, Scheffe’s test was used for post-hoc analysis. The 
results of this post-hoc analysis are shown in Table 3. 
The results shown in Table 3 indicate that there was no significant difference 
in the delayed post-test mean scores of students exposed to STAD (?̅? = 60.43) 
and those exposed to Jigsaw II (?̅? = 63.02). There was a significant difference 
in the delayed post-test mean scores of students exposed to Jigsaw II (?̅? = 
63.02) and those exposed to TAI (?̅? = 57.88) in favour of the Jigsaw II group. 
A significant difference was not established in the delayed post-test mean 
scores of students exposed to TAI (?̅? = 57.88) and those exposed to ICI (?̅? = 
56.66). A significant difference was established between Jigsaw II (?̅? = 63.02) 
and ICI (?̅? = 56.66) in favour of Jigsaw II.  
Table 3 
Scheffe’s post-hoc results of students’ mean delayed post-test scores of STAD, 
Jigsaw II, TAI, and ICI groups 
Groups Mean 
Scores 
Group I 
(STAD) 
Group II 
(Jigsaw II) 
Group III 
(TAI) 
Group IV 
(ICI) 
Group I  (STAD) 60.43  0.425 0.442 0.134 
Group II (Jigsaw II) 63.02 0.425  *0.017 *0.002 
Group III (TAI) 57.88 0.442 *0.017  0.905 
Group IV (ICI) 56.66 0.134 *0.002 0.905  
* The mean difference is significant at 0.05 level 
In order to examine retention, the performance of students in the four 
groups was further compared based on the mean loss scores between the 
post-test and delayed post-test for each group. The results are shown in 
Table 4 and graphically illustrated in Figure 2. 
Table 4 shows a decrease in delayed post-test scores of the four groups as 
compared to post-test scores. Jigsaw II had the highest decrease in the form 
of a mean loss score of 5.36, followed by STAD with a mean loss score of 
5.00, TAI with a mean loss score of 4.85, and ICI with a mean loss score of 
4.73. This indicates that all the groups still largely retained the physics 
concepts, but cooperative groups did not outperform the ICI group on 
retention.  
Table 4 
Mean loss scores between post-test and delayed post-test for STAD, Jigsaw II, 
TAI and ICI groups 
Group Post-test Retention-test Mean Loss Score 
STAD 65.43 60.43 5.00 
Jigsaw II 68.38 63.02 5.36 
TAI 62.73 57.88 4.85 
ICI 61.39 56.66 4.73 
Gambari and Yusuf 87 
 
 
 
Figure 2. Graphical illustration of mean loss scores between post-test and 
delayed post-test for STAD, Jigsaw II, TAI, and ICI groups. 
Null Hypothesis Three 
Null hypothesis three can be stated as follows: There is no significant 
difference in the post-test attitudes of secondary school students taught 
physics using computer-supported STAD, Jigsaw II, and TAI in cooperative 
settings and those taught using individualised computer instruction. 
To determine whether there were significant differences in the mean attitude 
scores of the computer supported STAD, Jigsaw II, TAI groups, and the ICI 
control group, data were analysed using an analysis of covariance (ANCOVA). 
There was a significant main effect of learning strategy on students’ attitude, 
F (3, 162) = 12.861, p < 0.001. This indicates that the method of instruction 
produced a significant effect on the attitude scores of students when the 
covariate effect (pre-test) was controlled. This result indicates that the 
treatment, using STAD, Jigsaw II, TAI, and ICI accounted for the difference in 
the attitude of students. Based on the established significant difference in the 
attitude scores of the groups, Scheffe’s test was used for post-hoc analysis. 
The results of this post-hoc analysis are shown in Table 5. 
As shown in Table 5, there was no significant difference in the mean attitude 
scores of students exposed to STAD (?̅? = 58.43) and those exposed to Jigsaw 
II (?̅? = 60.12). There was also no significant difference in the mean attitude 
scores of students exposed to Jigsaw II (?̅?= 60.176) and those exposed to TAI 
(?̅? = 63.48). A significant difference was established in the mean attitude 
scores of students exposed to TAI (?̅? = 63.45) and those exposed to ICI (?̅? = 
51.42) in favour of the TAI group. A significant difference was also 
established between STAD (?̅? = 58.43) and ICI (?̅? = 51.42) and between Jigsaw 
II (?̅? = 60.12) and ICI (?̅? = 51.42) in favour of STAD and Jigsaw II respectively.  
The attitude of students in the four groups was further compared based on 
the mean gain scores between the pre- and post-attitude test for each group. 
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The results of this comparison are shown in Table 6 and graphically 
illustrated in Figure 3. 
Table 5 
Scheffe’s post-hoc results of students’ mean post-test attitude scores of STAD, 
Jigsaw II and ICI groups  
Groups Mean 
Scores 
Group I 
(STAD) 
Group II 
(Jigsaw II) 
Group III 
(TAI) 
Group IV 
(ICI) 
Group I  (STAD) 58.43  0.868 0.119 *0.014 
Group II (Jigsaw II) 60.18 0.868  0.491 *0.001 
Group III (TAI) 63.48 0.119 0.491  *0.000 
Group IV (ICI) 51.42 *0.014 *0.001 *0.000  
*The mean difference is significant at 0.05 level 
Table 6 shows that the groups had improved performance in post-attitude 
test. Jigsaw II had the highest mean gain score of 27.84, follow by STAD with 
a mean gain score of 28.13, TAI with a mean gain score of 29.93, and ICI with 
a mean gain score of 16.24. This indicates that students in cooperative 
learning groups developed more positive attitudes towards physics after the 
treatment than those in the control group.   
Table 6 
Mean attitude gain scores of students in STAD, Jigsaw II, TAI and ICI groups 
Group Pre-test Post-test Mean Gain Score 
STAD 30.59 58.43 27.84 
Jigsaw II 32.05 60.18 28.13 
TAI 33.55 63.48 29.93 
ICI 35.18 51.42 16.24 
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Figure 3. Graphical illustration of students’ mean attitude gain scores of 
STAD, Jigsaw II, TAI, and ICI groups. 
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DISCUSSION OF FINDINGS 
The results of hypothesis one revealed a significant difference between the 
performance of students in Jigsaw II and TAI cooperative learning strategies 
in favour of Jigsaw II. It also revealed a significant difference between the 
performance of students in Jigsaw II cooperative learning strategy and ICI in 
favour of Jigsaw II. The findings on students’ performance in the Jigsaw II 
group compared to those taught using ICI are in line with the earlier findings 
of Fajola (2000) and Keramati (2010) who found that students taught biology 
and physics respectively using cooperative learning strategies performed 
better than those taught with conventional teaching methods. This also 
agrees with the findings of Yusuf and Afolabi (2010) in biology who reported 
that students taught using a computer-assisted cooperative learning strategy 
performed better than those taught using computer-assisted instruction in 
individualised settings. Furthermore, the findings are consistent with the 
findings of Lai and  Wu  (2006) in nursing education, Moreno (2009) in 
botany, and Doymus (2008) in chemistry who found that Jigsaw II was more 
effective than other cooperative instructional strategies. However, the finding 
that Jigsaw II outperformed TAI contradicts Tarim and Akdeniz’s (2007) 
study where TAI performed better than STAD.  
The difference between Jigsaw II from other cooperative learning strategies 
may stem from the fact that Jigsaw II is a task structured (task specialisation) 
and incentive structured (group rewards for individual learning, group reward 
for group product, and individual rewards) cooperative strategy. It produces 
a positive outcome when properly implemented. We observed that the Jigsaw 
II instructional strategy provides no room for free riders; each member of the 
group must do all or most of the work (Dingel, Wei, & Huq, 2013). 
In relation to retention, we found that cooperative learning strategies did not 
increase retention compared to ICI. Our findings contrast with the findings of 
Salend and Washin (1988) and Slavin (1984a, 1984b) who found that the TAI 
approach had positive effects on mathematics achievement, behavioural 
ratings, and student attitudes. However, Rosini and Jim (1997) reported no 
significant difference in the achievement, retention, and attitude of those 
taught home economics using a cooperative learning strategy and those 
taught with a traditional method. Similarly, Moreno (2009) found no 
difference in botany students’ retention between the Jigsaw cooperative 
learning approach and a traditional method. 
In relation to hypothesis three, we found significant differences in the 
students’ attitude between cooperative learning strategies (STAD, Jigsaw II, 
and TAI) and ICI in favour of cooperative learning strategies. The most 
positive change in attitude toward physics was observed in the TAI group, 
followed by the Jigsaw II and STAD groups. This result aligns with the 
findings of Artut and Tarim (2007), Gomleksiz (2007), Lai and  Wu  (2006), 
Moreno (2009), and Zakaria et al. (2013) who found that students exposed to 
cooperative learning had more positive attitudes than those taught with 
traditional methods. However, Arra et al. (2011) reported that some students 
preferred not to work in groups, meaning that some have negative attitudes 
towards cooperative learning.  
Our findings have strong implications for teaching and learning physics in 
secondary schools in Nigeria using computer-supported cooperative learning 
Relative Effectiveness of Computer-Supported Learning Strategies: 90 
 
strategies. Our results suggest that computer assisted instruction is better in 
cooperative learning settings than in an individualised setting. Furthermore, 
our results suggest that exposing students to a computer supported 
cooperative learning strategy may improve students’ performance in physics 
as well as their attitude toward the subject.   
CONCLUSION 
This study has delved into three types of computer-supported cooperative 
learning strategies (STAD, Jigsaw II, and TAI) as a way to overcome poor 
performance in physics at the senior secondary school level in Nigeria. All 
three computer-supported cooperative learning strategies had a positive 
effect on student attitudes towards physics compared to individualised 
computer instruction (ICI). However, Jigsaw II was the only computer-
supported cooperative learning strategy to have a positive effect on student 
performance compared to ICI. Furthermore, cooperative learning strategies 
did not increase retention compared to ICI. 
RECOMMENDATIONS 
In this digital age, schools and educators are expected to explore 
technologically enhanced strategies to improve students’ performance. Our 
findings provide some support for the adoption of computer-supported 
cooperative instructional strategies so as to promote social interaction, active 
learning, discovery learning, motivation, learning by doing, and learning by 
experience among students. However, the effective use of computer-
supported cooperative learning strategies also depends on the provision of 
appropriate training for physics teachers through seminars, workshops, and 
conferences. 
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